Thirty-six populations were founded from equal numbers of females and males from ten pairs of isofemale lines of Drosophila melanogaster and maintained on standard medium. They were divided into four sets of 9, each set being provided with a different yeast. Six enzyme polymorphisms and the In(3R)P inversion polymorphism were scored. No effect of yeast type was evident except for the alcohol dehydrogenase locus. This showed evidence for strong balancing selection in populations maintained with Metschnikowia pulcherrima, but not with Saccharomyces cerevisiae.
INTRODUCTION
YEAST is one of the more important components of the environments of Drosophilids. Indeed Starmer (1981) provides evidence that the spectrum of yeast species is a major component determining the distribution of Drosophila species. Further, natural populations may grow on a variety of yeasts which differ in their capacity to support the flies. For instance, Ali and El-Helw (1974) demonstrated that larvae of Egyptian populations of D. melanogaster and D. simulans preferentially chose different yeast species from a mixture of species in their natural habitats. They also showed that the larvae of wild type and a vg laboratory strain of D. melanogaster differed in yeast preference, and that the relative productivity of females of the two strains also differed with yeast. Preference and productivity were not correlated. A striking feature of their results was that of the yeasts used, species of Candida and Nadsonia supported their wild type Drosophila better than the standard laboratory yeast, Saccharomyces cerevisiae even though the larvae never chose Nadsonia when offered a choice.
It therefore seemed worthwhile testing whether these particular yeasts differentially affect the maintenance of protein polymorphisms, for most laboratory experiments on polymorphism have been made using S. cerevisiae to supplement the medium and other yeasts might give different results.
MATERIALS AND METHODS (i) Origin of flies
The populations were founded from the OK lines. These lines were established from 10 females collected together by J. N. Thompson in Oklahoma, the first progeny of each female being split to set up a pair of isofemale lines. The allele and inversion frequencies in these lines are given in table 1. Saccharomyces cerevisiae The experiment started in early 1974, and the populations were maintained by mass transfer thereafter. The populations were maintained at 25°C with transfer every two weeks, except that for a period of one year they were maintained at 18°C with transfer every three weeks. When the populations were returned to 25°C a replicate set was kept at 18°C. (Tests of these replicates gave similar gene frequencies to those from the main lines so that this 18°C period does not seem to have influenced the results.)
Oatmeal-molasses-agar medium was used for the first two years. Since then Harris instant medium has been used. Of course, other microorganisms occur in the culture medium as well as the desired species of yeast.
Nevertheless, inoculation with the required fresh yeast every two weeks must have ensured that the desired yeast was predominant, or at least frequent, in the culture media. One population, OKY1O-166, was lost early in the experiment. Analyses have therefore been restricted to 36 populations, nine supplemented with each type of yeast.
(iii) Assays After approximately 120 generations (April 1979) ten adults of each sex from each population were each assayed for six loci (a-Gpdh, Adh, Est-6, Est-C, Odh and Acph-1). The sampling was repeated after approximately 145 generations (March 1980) . Forty chromosomes from every population were assayed for In(3R)P between late March and early July 1980. Presence or absence of the inversion was ascertained from the progeny of individual F1 females, one only from any OKY parent, backcrossed to a homozygous red e stock (description of mutants in Lindsley and Grell, 1968) . In(3R)P almost completely eliminates recombinants between these loci.
RESULTS
Allele and inversion frequencies in the OK lines provide one estimate of the initial frequencies in the OKY populations, though it should be borne in mind that the OK lines were sampled over four years after the OKY populations were founded, so that the estimates may not be accurate if some loci in the OK lines changed frequency during that period. However, a comparison of inbreeding coefficients (see Cavalli-Sforza, 1966) gives no 
Fio. 1.-Genotype frequencies at the (a) Adh, (b) Est-6 and (c) Acph-1 loci in OKY populations.
The Adh, Est-6 and Acph-1 loci each started with two alleles at appreciable frequencies and so provide more information than the other loci. The data from table 2 for these loci have accordingly been plotted on de Finetti diagrams (Cannings and Edwards, 1968 medium supplemented with 166 yeast is significantly lower than any other combination of yeast and locus. The Ad/i locus has clearly been less affected by inbreeding in the 166 treated populations than it has been in populations maintained on medium supplemented with other yeasts, and also than have other loci in the 166 treated populations. This can only be the result of some kind of selection, and since the mean Adh frequencies are similar among populations maintained on medium supplemented with each of the yeasts, it must be some form of balancing selection. The variance provides no evidence whether such selection affected other loci or affected Adh in populations on the yeasts 379 or 1335; the alleles could be effectively neutral in these conditions or, if they were affected by balancing selection, it must have been much weaker than that affecting Adh on 166 (and 471).
In addition to this balancing selection there is a suggestion that Est-6 has been affected by directional selection, for the Est-6F frequency is lower in populations maintained on all four yeasts than the initial frequency estimated from the OK lines. There are no striking differences at the a-Gpdh, Est-C and Odh loci, but with allele frequencies initially so close to fixation the evidence is weak.
The estimates of In(3R)P frequency among populations maintained on medium supplemented with each of the four yeasts are very similar, and higher than the initial frequency estimate from the OK lines, which estimate is based on examination of only ten chromosomes in each OK line.
However, the calculated variances of inversion frequency in the OKY lines do not suggest that inbreeding has affected the inversion less than it has affected allozyme polymorphisms, other than the Adh polymorphism on 166. The balancing selection for Ad/i on yeast 166 must have been stronger than any there was affecting inversion 3R Payne. We had expected that this inversion, which is so common in natural populations, might have given lower inbreeding coefficients than the allozyme polymorphisms. That it has not, could be regarded as evidence that Est-6 and Acph-1 as well as Adh on 379 and 1335 are also affected by balancing selection.
POSSIBLE NATURE OF BALANCE SELECTION FOR ADH
The low between-population variance of Adh frequency on 166 could result either from heterozygous advantage or frequency-dependent selection or a combination of the two. Although five populations are above the Hardy-Weinberg parabola in the Finetti diagram ( fig. 1 ) indicating an excess of heterozygotes, none of the eight possible x2 tests of goodness of fit with Hardy-Weinberg genotype frequencies are significant. An increased sample of 150 individuals was assayed from OKY5-166, but no excess of heterozygotes was detected. If heterozygous advantage were the mechanism responsible for, or contributing to, the maintenance of the polymorphism, selection must be too weak to detect in this way, at least at the gene frequencies in the lines.
The experimental design of Kojima and Tobari (1969) at this input level. The results suggest that frequency-dependent selection may be important at high AdhF frequencies, whereas at low Adh F frequencies heterozygous advantage is more important.
DISCUSSION
Evidence for the selective effects of yeast on protein polymorphisms has been rather indirect. Powell (1971) and McDonald and Ayala (1974) found that cage populations provided with a variety of environmental factors, including yeasts, maintained a higher degree of heterozygosity than cage populations in more uniform environments. However, the design and analysis of these experiments did not resolve the specific selective mechanisms responsible for the observed correlations. In a more thoroughly designed population cage experiment, Oakeshott (1979) found that various yeasts differed in their selective effects on two loci, Amy and Idh-NADP in D. melanogaster.
The present results show that the maintenance of the Adh polymorphism is affected by yeast. The results do not provide evidence that selection is not contributing to the maintenance of the Adh polymorphism on other yeasts, nor to that of the other enzyme and inversion polymorphisms. But selection must be invoked to explain the results obtained for the Adh locus in populations maintained on medium supplemented with the yeast Metschnikowia puicherrima.
We cannot of course be sure that the selection we have demonstrated acts on the Adh locus itself, but three lines of evidence suggest that the Adh locus may well be the target for selection: (a) ten genomes from OKY5-166 were free of inversions so there is no evidence that selection via In(2L)t can explain the results; (b) the experiment had run for 120 generations before the first assays so any initial disequilibria should have decayed to a considerable degree; (c) there appear to be selective effects at the Adh locus detectable in one generation in a population previously exposed to 1335 yeast when tested on 166 yeast (table 8) .
We are aware that the tests for frequency-dependent selection we have done are open to some criticism (see Prout, 1971) and that the fact that the two input frequencies gave quite different results indicates that it would
